Our objective was to analyze the association between different intensities of physical activity (PA), physical fitness, and metabolic syndrome (MS) in young adults. Methods: Cross-sectional study including 275 university students, 18-30 years old, from Cuenca, Spain. We evaluated (a) physical activity using accelerometry, (b) aerobic capacity (VO 2max ), and (c) muscle strength, by a muscle strength index calculated as the sum of the standardized z score of handgrip dynamometry/weight and standing broad jump. An MS index was estimated by summing standardized z scores of waist circumference, ratio of triglycerides to high-density lipoprotein, mean arterial blood pressure, and HOMA-IR. Results: The mean scores of MS index and HOMA-IR were significantly higher and the VO 2max significantly lower for individuals who did not perform 20 min or more per week of vigorous physical activity. However, those who performed 250 min/week of moderate physical activity showed no significant differences in either VO 2max or the MS index when compared with individuals who did not perform this level of activity. The MS index was lower in those with medium-high levels of aerobic capacity. In addition, individuals with medium-high levels of muscular fitness showed lower waist circumference and a lower MS index. Conclusions: VO 2max and muscle strength are negatively associated with metabolic risk. 20-min/week of vigorous physical activity was associated with lower cardiometabolic risk in young adults; moderate physical activity did not show association with lower cardiometabolic risk.
Metabolic syndrome (MS) is a group of cardiometabolic disorders regarded as a predictor of cardiovascular disease, diabetes mellitus Type II, and general mortality (Eberly et al., 2006; Wilson et al., 2005) . The concept of MS is an object of debate; however, all current definitions of the syndrome include the following: insulin resistance or glucose intolerance, hypertension, dyslipidemia and central obesity (Alberti et al., 2009) .
Both aerobic capacity and muscle strength have been inversely associated with the risk of MS (García-Artero et al., 2007; Steene-Johannessen et al., 2009; Wijndaele et al., 2007) . However, studies that have examined the relationship between physical activity and the risk of MS show contradictory results (García-Artero et al., 2007; Martínez-Gómez et al., 2009) . Though the benefits of vigorous physical activity on cardiometabolic health in adults seem greater than those of moderate physical activity (Janssen & Ross, 2012) , it is not clear how much intensity is necessary to reduce MS.
The mechanistic link between aerobic capacity and MS risk is by no means clear. A possible connection proposed is through regular aerobic exercise-so that a greater level of habitual physical activity would be associated with an increase in aerobic capacity and greater energy expenditure, thereby reducing some metabolic risk factors (Grundy et al., 2012) . Similarly, the greater energy expenditure due to physical activity in people with a high level of muscular fitness has not been discounted in the relationship between muscular strength and MS risk. Therefore, it seems appropriate to conduct a joint analysis of the relationship between aerobic capacity, muscle strength, and habitual physical activity with MS risk; to our knowledge, this analysis has not been done to date.
The objectives of this study were to analyze in young adults the role that aerobic capacity, muscle strength, and physical activity play in determining the risk of MS, as measured by a recently validated quantitative index and to analyze how the duration and intensity of physical activity were associated with changes in MS risk and its component variables.
Methods

Design and Study Subjects
The Cuenca Adults Study is a longitudinal study aimed at assessing the changes in lifestyle and cardiovascular risk that occur during an individual's time at university. Baseline measurements of this study were conducted in 2009 to 2010. Groups of first-year students from each of the majors offered at the campus at Cuenca, Spain, were randomly selected. Then, after having the study presented to them, the students from the selected groups were invited to participate. Of the 770 students invited, 683 (88.7%, 504 of whom were women) agreed to participate. From these 683 students, 302 participants were selected for this study through simple random sampling. Inclusion criteria was a minimum of four days of recorded data out of seven days, including at least one weekend day and at least 600 registered min per day. Only 275 of the 302 students met the inclusion criteria and wore an accelerometer to measure objectively habitual physical activity (91% having valid accelerometry data). Although all first-year students were invited to participate, students older than 30 years were excluded from the analysis because there were so few of them.
The study protocol was approved by the clinical research ethics committee of Virgen de la Luz Hospital in Cuenca, and all subjects signed informed-consent forms to participate in the study.
Variables Anthropometric
• Weight: Determined by the average of two measurements taken with an approved easy-calibration scale (Seca 861) and with the individual barefoot and in light clothing. • Height: Determined by the average of two measurements taken with a wall stadiometer (Seca 222) with the subject barefoot and in an upright position under standardized conditions. • Body mass index (BMI): Using the mean of weight and height, BMI was determined as weight in kilograms divided by height in meters squared (kg/m 2 ). • Waist circumference: Determined by the average of two measurements taken with flexible tape at the waist (at the midpoint between the last rib and the iliac crest).
Systolic and Diastolic Blood Pressure
Blood pressure was determined by the average of two measurements taken at an interval of 5 min, with the subject resting for at least 5 min before the first measurement. The participant was seated with the right arm placed in a semiflexed position at heart level in a quiet and calm environment. Blood pressure was measured by an automated procedure using the OMRON M5-I monitor (Omron Healthcare Europe BV, Hoofddorp, Netherlands). Then, the mean arterial pressure (MAP) was calculated using the following formula: diastolic blood pressure + [0.333 × (systolic blood pressure -diastolic blood pressure)]. The anthropometric variables and blood pressure were measured by trained nurses.
Biochemical Assessments
Blood samples were taken by puncturing the cubital vein, under standardized conditions, between 8:15 a.m. and 9:00 a.m., with the participant having fasted at least 12 hr before. The samples were processed using a Roche Diagnostics COBAS C711. The following biochemical parameters were determined: triglycerides (GPO-PAP enzymatic method), glucose (hexokinase method), high-density lipoprotein (HDL-C) direct plus (second-generation method without deproteinization). The blood concentration of insulin was determined by chemiluminescent microparticle immunoassay (CMIA) in one step and processed in a platform composed of two ARCHITECT i2000SR systems by Abbott Laboratories. The insulin sensitivity index was determined by HOMA-IR (homeostasis model assessment of insulin resistance): fasting glucose level (mmol/L) × fasting insulin level (mU/ml)/22.5. Lower values indicate greater sensitivity to insulin. The MS index was calculated using the sum of the age and sex standardized scores of waist circumference, the triglycerides-to-HDL-C ratio, MAP, and HOMA-IR. The validity of the MS index was tested using confirmatory factor analysis (Solera-Martínez et al., 2011) .
Assessment of Physical Activity
Physical activity was assessed for seven consecutive days by means of an accelerometer MTI/CSA 7164 (Actigraph, Shalimar, FL, USA). The accelerometer stored activity in 60-s time intervals. The device was attached to the right hip of the participants with an elastic band. Because the accelerometers are not water resistant, the subjects were asked to remove them before showering or entering a pool. Any 10-min intervals of continuous zero activity were excluded from the analysis, and only data from individuals who recorded at least 600 min/day for at least four days, one of which had to be Saturday or Sunday, were considered for the analysis.
The intensity of weekly physical activity was assessed as average counts per minute. The average time that the person performed moderate or vigorous physical activity during the 7 days of registration was calculated according to the cutoff points of Freedson et al. (1998) .
Evaluation of Fitness
Aerobic capacity was determined by incremental submaximal exercise test on a cycle ergometer (Ergoline Variobike 550; Ergometrix, Barcelona, Spain), following the protocol established by Fitmate Pro (COSMED, Rome, Italy). After explaining the test, participants were seated properly on the cycle ergometer and were fitted with a heart-rate monitor (POLAR) and the silicone facemask. After a 2-min warm-up to familiarize the participant with the pedaling conditions, the individual was pedaling at a cadence of 50-55 rpm during three periods lasting 3 min each. The resistance for pedaling was automatically increased every 3 min, with loads depending on heart rate at the end of the first stage. The test ended when the participant reached 85% of their maximum heart rate, could not adhere to the protocol stress test, or showed signs of excessive discomfort, or when a serious medical emergency occurred (no test was stopped for this reason). When the test was finished, participants were pedaling without resistance for the recovery period. The oxygen consumption was estimated using the gas analyzer Fitmate Pro, with data collected every 15 s. The estimation of aerobic capacity (VO 2max ; ml · kg -1 · min -1 ) was recorded automatically by Fitmate Pro software (Nieman et al., 2007; Lee et al., 2011) . This device extrapolates the regression line of heart rate (HR) on measured VO 2 at submaximal work rates to age-predicted maximum HR (HR = 220 -age). The gas analyzer was automatically calibrated before every test.
Muscle Strength. Muscle strength was evaluated using two tests. To measure lower-body explosive strength, the participant, starting from standing position and with feet shoulder width apart, performed a horizontal jump. A handgrip strength test (TKK 5401 Grip-D, Takeya, and Tokyo, Japan) was used to measure the participant's maximum force of handgrip.
We calculated an age-and sex-specific musclestrength index as the sum of standardized scores of the handgrip strength test/weight and standing broad-jump test.
Statistical Analysis
All statistical analyses were performed using IBM SPSS Statistics software, and the level of significance was set at α < .05. Descriptive characteristics are shown as mean (standard deviation). The variables were checked for normality of distribution through both graphical procedures and by the Kolmogorov-Smirnov test. HOMA-IR, triglyceride-to-HDL-C ratio and vigorous physical activity were logarithmically transformed to obtain a normal distribution.
Three nonexclusive categories of moderate physical activity (>150 min/week, >200 min/week, and >250 min/ week) and three categories of vigorous physical activity (>20 min/week, >25 min/week and >30 min/week) were established. The first reference category of moderate physical activity was selected considering the current recommendations of ACSM (Garber et al., 2011) ; the last category of vigorous physical activity was established in the light of the latest statements for people who want to get greater health benefits (300 min/week of moderate physical activity or 150 min/week of vigorous physical activity).
An analysis of covariance (ANCOVA), with age and sex as covariates, was performed to examine the differences between the mean MS index, the mean measurements of each of the component variables of the MS index, the mean measurements of aerobic capacity, and the mean muscular strength scores for participants that performed different categories of duration and intensity of weekly physical activity versus those who did not. The effect size was calculated from the estimated marginal means and was interpreted as small (.20-.50), moderate (.51-.80) or large (greater than .80; Cohen, 1998) .
Both aerobic capacity and muscular strength were categorized into percentiles (low was less than P25, medium was between P25 and P75, and high was greater than P75). Post hoc analyses were conducted with Bonferroni's least significant difference.
Stepwise multiple regression models were estimated using the MS index score and its component variables as dependent variables; aerobic capacity, using muscle strength index and logarithm of weekly vigorous physical activity as independent variables; and controlling for age and sex. Table 1 shows the characteristics of the participants. The age composition (M = 20.3 years, SD = 4) and sex composition of the 275 students (74 men and 201 women) of the sample were similar to the age and sex composition of the students of the Cuenca Adults Study.
Results
Tables 2A and 2B displays the differences between the mean MS index, the means of its component variables (waist circumference, MAP, triglyceride-to-HDL-C ratio, HOMA-IR), the mean VO 2max , and the mean muscle strength index for subjects who performed different durations of moderate and vigorous physical activity, and for subjects who did not, adjusting for age and sex. The mean score of the MS index and HOMA-IR were significantly higher, and the mean VO 2max was significantly lower, in individuals who did not reach 20 min of vigorous physical activity per week. There were no statistically significant differences between the mean of the variables that make up the MS index, VO 2max , or muscle strength index of participants who performed more than 150 min/week, more than 200 min/week, or more than 250 min/week of moderate physical activity and the means for those subjects who did not reach that level of activity. Table 3 shows the distribution of the mean MS index and of the means of its component variables through the tertiles of VO 2max and muscle strength index. The mean MS index was significantly lower in subjects who had medium or high values of VO 2max . No significant differences between the categories (low, medium, and high) of VO 2max were observed in any other variable except in MAP, in which subjects with high VO 2max showed higher MAP. In general, subjects that showed greater muscle strength had significantly lower values for waist circumference, triglycerides-to-HDL-C ratio, MAP, HOMA-IR, and MS index.
Muscular strength and aerobic capacity explained more than 10% and 6%, respectively, of the variance of MS index; however, vigorous physical activity did not explain a significant proportion of the variance (Table 4) . Conversely, when HOMA-IR and triglyceride-to-HDL-C ratio were the dependent variables, vigorous physical activity was the only significant predictor. For waist circumference, muscular strength and aerobic capacity explained more than 26% of the variance, while for MAP aerobic capacity was the only predictor (21.5% of the variance).
Discussion
To our knowledge, this is the only study that jointly shows the relationship of aerobic capacity, muscle strength, and objectively measured physical activity with the risk of MS in young adults. In this sample, both aerobic capacity and muscle strength were more strongly associated with a risk of MS than moderate physical activity. Though moderate physical activity was not associated with a lower the risk of MS, participating in just 20 min/week of vigorous physical activity was associated with a lower the risk of MS.
In adults, an increased risk of mortality from cardiovascular disease has been inversely associated with aerobic capacity (Mora et al., 2003; Myers et al., 2002; Sui et al., 2007) and muscle strength (Jurca et al., 2004; Pollock et al., 2000; Ruiz et al., 2008; Williams et al., 2007) . Aerobic capacity has been shown to be an important indicator of health (Ortega et al., 2008; Ruiz et al., 2009 ) in children, as well as adolescents. Consistent with these findings, our results show that in young adults, greater aerobic capacity is associated with lower risk of MS. Furthermore, our results show that only vigorous physical activity is associated with lower cardiovascular and metabolic risk factors in this sample. However, given the close relationship between aerobic capacity and physical activity in the multivariate models, only aerobic capacity and muscle strength are associated with MS.
There is no consensus on the question of which are the optimal frequency, intensity, and duration of physical activity needed for reducing cardiovascular or metabolic risk. Studies in healthy individuals and in individuals with coronary artery disease suggest that vigorous physical activity provides greater health benefits than moderate physical activity (Hu et al., 2010; Lakka & Laaksonen, 2007) . Current recommendations suggest that adults should do at least 150 min/week of moderate physical activity, or 75 min/week of vigorous physical activity, performed in series of at least 10 min in length, five or more days per week (O'Donovan et al., 2010) . Our data do not support this recommendation, as even 250 min/ week of moderate physical activity were not associated with significant reductions in the risk of MS, while only 20 min/week of vigorous physical activity were associated with a significant reduction in insulin resistance and Note. MS = metabolic syndrome; HOMA-IR = homeostatic model assessment of insulin resistance; HDL-C = high-density lipoprotein; MAP = mean arterial pressure. Independent variables included in the models: aerobic capacity (VO 2max ), muscle strength index (sum of age-and sex-standardized scores dynamometry/weight and broad jump test), and logarithm of vigorous physical activity, adjusted for age and sex.
the index of MS and a higher VO 2max . Similarly, data from U.S. National Health and Nutrition Examination Survey do not support that 75 min of vigorous physical activity are equivalent to 150 min of moderate physical activity (Janssen & Ross, 2012) . On the other hand, data from a longitudinal study in Finnish men evidenced that the odds ratio for developing MS only was significantly different from null value when moderate-vigorous physical activity was greater than 409 min/week (Lakka et al., 2003) . In our opinion, in the light of these data, more insight is needed regarding the minimal moderate physical activity that people should accumulate weekly to gain some protection against MS and probably against other cardiovascular problems.
In our opinion, this discrepancy could be attributed to the fact that the recommendations are aimed at the entire adult population (18-65 years). In addition, current cutoffs for vigorous and moderate physical activity would most likely need to be tailored for different age groups.
Our results suggest that only vigorous physical activity, even of short duration (from 20 min/week), is associated with higher aerobic capacity; however, it is possible that the lack of association between moderate physical activity and aerobic capacity is due to the same reasons discussed above-namely, that the distinctions between the intensity of physical activity are too general, and contemplate too broad a range of ages.
Until recently, the relationship between muscle strength and overall health in adolescent populations has rarely been studied. Adolescents with low muscle strength show increased risk of obesity and, in general, increased risk of cardiovascular and metabolic diseases (Ortega et al., 2008; Ruiz et al., 2009) . In adults as well as adolescents, muscle strength was associated with a reduced risk of MS, death caused by cardiovascular disease, and all causes of death (Jurca et al., 2004; Pollock et al., 2000; Ruiz et al., 2008; Williams et al., 2007) . Consistent with these findings, our results show that muscle strength was negatively associated with cardiovascular and metabolic risk in young adults. Explanations for the role played by muscle strength in overall health may be found in studies that have reported that increasing muscle strength produces metabolic and structural changes that improve muscle insulin sensitivity and glycemic control (DiPietro et al., 2006; Klimcakova et al., 2006) .
It should be noted among the limitations of our study that it is a cross-sectional study, and thus the examined associations could be due to confounding factors not included in our analysis. Furthermore, our findings are based on data from subjects 18-30 years old, and therefore may not be valid for those whose age is far outside this range. On the other hand, our study deals with an age group that is not often specifically addressed in scientific literature but generally included in the adult group. Although more evidence is needed, our study might serve as a warning about current official recommendations for moderate physical activity, so 150 min/week might not be enough dosage to improve cardiometabolic risk. In addition, in our sample, the percentage of women (73%) is similar to that of the university campus at Cuenca, but the limited size of the sample makes it difficult to analyze the role sex plays in determining the results. Moreover, we are aware of the influence of physical activity on insulin levels even 48 hr after a high-intensity exercise period; however, it is a population based sample in a nonclinical setting, and we believed that any additional requirement to participants might negatively influence the response rate (Goodyear & Kahn, 1998) . Finally, though submaximal test by Fitmate provides valid estimates of VO 2max , this technology has neither been validated in a large sample of participants nor validated using a cycle ergometer test but instead a Bruce treadmill protocol; and thus, VO 2max might be underestimated in our sample.
Finally, it could be argued that the analytical categories of duration of physical activity in our study are not exclusive; therefore, when we refer to the group of individuals who perform at least 20 min/week of vigorous physical activity, those who perform 60 min/week, for example, are also included in this group. This lack of exclusivity is owing to the fact that what is being discussed in this study are the official recommendations for physical activity, and these recommendations are set out in these terms.
Note the main strengths of our study are that several components of fitness have been measured together, physical activity was measured objectively over seven consecutive days, and the estimate of aerobic capacity was carried out with a direct measurement of VO 2max on a cycle ergometer.
In conclusion, our results show that aerobic capacity and muscle strength are associated with lower risk of MS. The results also indicate that only vigorous-and not moderate-physical activity is associated with reduced risk of MS. We believe that our findings have clinical and epidemiological significance: they could be used to reconsider the current recommendations for physical activity in young adults, and they highlight the importance of measuring muscle strength as a variable related to cardiovascular and metabolic risk. These findings are in agreement with recommendations for physical activity given by the world's health organizations, which recommend promoting physical exercise aimed to improve both aerobic capacity and muscle strength (Williams et al., 2007) .
